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Rxwsxw jurzwk lv srvlwlyho| fruuhodwhg zlwk ￿up hqwu| lq wkh djjuhjdwh gdwd/
exw qrw lq vhfwrudo gdwd1 Wkdw lv/ vhfwruv zkrvh jurzwk lv deryh dyhudjh lq d
jlyhq |hdu gr qrw h{shulhqfh deryh dyhudjh hqwu| ri ￿upv1 Wklv lv d sx}}oh
iru frpshwlwlyh prghov lq zklfk uhwxuqv dw wkh ￿up ohyho duh ghfuhdvlqj1 Lq
wklv sdshu L vkrz wkdw wkh sx}}oh fdq eh uhvroyhg li zh dvvxph wkdw vhfwru*v
lqfxpehqwv kdyh pdunhw srzhu1 Wkh lqwxlwlyh uhdvrq lv wkdw wkh lqfxpehqwv
kdyh d eljjhu lqfhqwlyh wr vhfxuh wkhlu uhqwv lq wkh jurzlqj pdunhw dqg wkhuhe|
wr ghwhu hqwu|1 Wkh prgho dovr lpsolhv wkdw whfkqrorjlfdo lqqrydwlrq/ dqg frp0
shwlwlyhqhvv dqg vpdooqhvv ri wkh surgxfw pdunhw irvwhu hqwu| dqg h{lw1 Wkhvh
suhglfwlrqv duh whvwhg xvlqj XV mre0 rz gdwd1
￿L wkdqn Euxqr Fdvvlpdq/ Dqwrqlr Flffrqh/ dqg Mrugl Jdol iru lqydoxdeoh glvfxvvlrqv/ dqg Er|dq
Mrydqrylf iru khosixo vxjjhvwlrqv1 Doo uhpdlqlqj huuruv duh plqh1
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pdvdnr1xhgdChfrq1xsi1hv4L q w u r g x f w l r q
Wkh srvlwlyh uhodwlrq ehwzhhq exvlqhvv vwduwxsv dqg rxwsxw jurzwk lv d frpprq ihd0
wxuh ri pdfur prghov wkdw vwxg| frpshwlwlyh htxloleulxp zlwk ghfuhdvlqj uhwxuqv wr
vfdoh dw up ru sodqw0ohyho1 +Fdedoohur dqg Kdpprxu 4<<7 dqg 4<<9/ dqg Kruydwk
4<<<, Lq wkh prghov ri Fdedoohur dqg Kdpprxu/ rxwsxw jurzwk frphv iurp srvlwlyh
ghpdqg vkrfnv1 H{lvwlqj upv vxhu iurp vhyhuh ghfuhdvlqj uhwxuq wr vfdoh zkloh hq0
wudqwv duh qrw1 Khqfh/ srvlwlyh ghpdqg vkrfnv lqgxfh qhz up vwduwxsv1 Lq Kruydwk/
rxwsxw jurzwk lv dvvrfldwhg zlwk d kljk surgxfwlylw|1 Wkh srvlwlyh uhodwlrq ehwzhhq
vwduwxsv dqg rxwsxw jurzwk dulvhv wkurxjk d fkdqjh lq djjuhjdwh surgxfwlylw|1 Dq
hslvrgh ri kljk djjuhjdwh surgxfwlylw| frqylqfhv erwk h{lvwlqj dqg srwhqwldo hqwudqwv
wkdw wkh| erwk kdyh kljk surgxfwlylw|1 Khqfh pruh upv vwd| dqg pruh qhz upv
hqwhu/ dqg wkhuhe| wkh qxpehu ri upv lqfuhdvh1 Gxh wr ghfuhdvlqj uhwxuqv wr vfdoh
dw up0ohyho/ djjuhjdwh WIS wkhuhiruh lqfuhdvhv dqg rxwsxw jurzwk iroorzv1
W k hf r p r y h p h q wr ih q w u |d q gr x w s x wj u r z w kl vf r q  u p h gd wdjjuhjdwh ohyho lq0
ghhg1 Iru lqvwdqfh/ Kruydwk qgv wkdw erwk JGS jurzwk lv srvlwlyho| dvvrfldwhg zlwk
w k hq x p e h ur i u p vw k d wh q w h u /d vz h o od vw k hq x p e h ur ih v w d e o l v k p h q w v+ I l j x u h v7
dqg 8,1 Wkh uhodwlrq lv zhdn dqg qrw frquphg dw lqgxvwu| ohyho krzhyhu1 Iluvw/ Dx0
guhwvfk dqg Dfv +4<<7, qg wkdw JGS jurzwk lv srvlwlyho| dqg vljqlfdqwo| uhodwhg
zlwk wkh qxpehu ri up vwduwxsv zkloh lqgxvwu| jurzwk grhv qrw kdyh dq| vljqlfdqw
hhfwv rq lqgxvwu| vwduwxsv +Wdeoh LL,1 Vhfrqg/ d zhdn uhodwlrq ehwzhhq lqgxvwu|
jurzwk dqg vwduwxs dfwlylwlhv lv dovr irxqg lq mre  rzv gdwd1 Wdeoh 4 vkrzv wkh fru0
uhodwlrq ehwzhhq lqgxvwu| jurzwk dqg mre fuhdwlrq udwh e| frqwlqxlqj dqg qhz sodqwv
iru VLF 50gljlw lqgxvwulhv14 Frqwudu| wr wkh olwhudwxuh edvhg rq ghfuhdvlqj uhwxuqv wr
vfdoh/ mre fuhdwlrq e| frqwlqxlqj sodqwv lv xqlirupo| pruh vhqvlwlyh wr lqgxvwu| jurzwk
wkdq mre fuhdwlrq e| qhz sodqwv15 Frqwlqxlqj sodqwv dsshdu wr phhw lqgxvwu| jurzwk
 h{leo| dqg qrw wr vxhu iurp wkhlu ghfuhdvlqj uhwxuqv wr vfdoh1 Ixuwkhupruh/ wkh
fruuhodwlrq ehwzhhq mre fuhdwlrq e| qhz sodqwv dqg lqgxvwu| jurzwk lv hyhq qhjdwlyh
iru qlqh lqgxvwulhv lq wkh vdpsoh1
Wkh jrdov ri wklv sdshu duh wr rhu d prgho dowhuqdwlyh wr rqhv ri frpshwlwlyh
htxloleulxp zlwk ghfuhdvlqj uhwxuqv wr vfdoh dqg wr vwxg| zkdw gulyhv exvlqhvv hqwu|
dqg h{lw1 Iru wklv vdnh/ L vwxg| d prgho ri prqrsro| zlwk frqvwdqw uhwxuqv wr vfdoh
zkhq lqfxpehqw dqg srwhqwldo hqwudqw frpshwh iru dgrswlqj wkh iurqwlhu whfkqrorj|1
Li wkh lqfxpehqw frqwlqxhv wr krog wkh prvw dgydqfhg whfkqrorj|/ wkhuh lv qr hqwu|1 Li
dqrwkhu up rewdlqv vxfk whfkqrorj|/ wkh up hqwhuv wkh pdunhw dqg wkh lqfxpehqw
orvhv wkh pdunhw1 Khqfh/ lq wklv prgho/ zkhwkhu qhz upv hphujh ghshqg rq wkh
idfwruv wkdw frqglwlrq wkh lqqrydwlrq ulydou| ehwzhhq lqfxpehqw dqg hqwudqw1
4Mre fuhdwlrq udwhv iru wredffr surgxfwv lqgxvwu| +VLF54, duh qhlwkhu glvforvhg qru lqfoxghg lq
wklv wdeoh1
5Wklv idfw lv irxqg dw ydulrxv ohyhov/ iurp djjuhjdwh wr lqgxvwu|/ dqg lq ydulrxv frxqwulhv1 Iru
lqvwdqfh/ vhh Gdylv/ Kdowlzdqjhu/ dqg Vfkxk +4<<9, dqg Erhul dqg Fudphu +4<<4,1
4WDEOH 4
Lqgxvwu|zlgh Fruuhodwlrqv ehwzhhq Mre Fuhdwlrq Udwh
dqg Lqgxvwu| Jurzwk iurp 4<:6 wkurxjk 4<<6
Frqwlqxlqj
Qhz Sodqwv Sodqwv
Irrg Dqg Nlqguhg Surgxfwv +53, 0313734 314:43
Wh{wloh Ploo Surgxfwv +55, 313<9< 31983<
Dssduho Dqg Rwkhu Wh{wloh Surgxfwv +56, 03146<6 317764
Oxpehu Dqg Zrrg Surgxfwv +57, 3167:: 31;3:6
Ixuqlwxuh Dqg Il{wxuhv +58, 317396 31:57<
Sdshu Dqg Doolhg Surgxfwv +59, 313434 3194:;
Sulqwlqj Dqg Sxeolvklqj +5:, 31444; 317;::
Fkhplfdov Dqg Doolhg Surgxfwv +5;, 0315367 319767
Shwurohxp Dqg Frdo Surgxfwv +5<, 03149;3 31549;
Uxeehu Dqg Plvf1 Sodvwlfv Surgxfwv +63, 316:69 31:46<
Ohdwkhu Dqg Ohdwkhu Surgxfwv +64, 313;68 3193::
Vwrqh/ Fod|/ Dqg Jodvv Surgxfwv +65, 316956 31:953
Sulpdu| Phwdo Lqgxvwulhv +66, 03139<; 3199;;
Ideulfdwhg Phwdo Surgxfwv +67, 31476< 31;63;
Lqgxvwuldo Pdfklqhu| Dqg Htxlsphqw +68, 03156;3 31;6;:
Hohfwurqlf ) Rwkhu Hohfwulf Htxlsphqw +69, 0313<9: 31:733
Wudqvsruwdwlrq Htxlsphqw +6:, 03143<4 3197:<
Lqvwuxphqwv Dqg Uhodwhg Surgxfwv +6;, 0315:;: 319:66
Plvfhoodqhrxv Pdqxidfwxulqj Lqgxvwulhv +6<, 3175<7 317849
Gdwd Vrxufh= mre fuhdwlrq udwhv iurp FHV/ XV Exuhdx ri Fhqvxv> Lqgxvwu|
jurzwk lv frpsxwhg xvlqj QEHU Pdqxidfwxulqj Surgxfwlylw| Gdwdedvh1
Qrwhv= Wkh qxpehuv lq sduhqwkhvhv duh 50gljlw VLF frghv> Wkh mre
fuhdwlrq udwhv iru wredffr surgxfwv lqgxvwu| +54, duh qrw glvforvhg1
Xqghuo|lqj wkh prgho lv Jloehuw dqg Qhzexu| +4<;6, wkdw vwxg| lqfhqwlyhv iru
lqfxpehqw dqg hqwudqw wr dftxluh d qhz frvw0uhgxflqj lqqrydwlrq1 Li d up kdv
d kljkhu zloolqjqhvv wr sd| iru dftxlulqj wkh lqqrydwlrq wkdq wkh rwkhu/ lw uhfhlyhv
wkh olfhqvh wr wkh lqqrydwlrq1 Wkh surgxfw pdunhw lv fkdudfwhul}hg e| sxuh sulfh
frpshwlwlrq= wkh up zlwk wkh orzhvw frvw vhwv lwv sulfh htxdo wr wkh vhfrqg orzhvw
frvw dqg prqrsrol}hv wkh pdunhw1 Zklfk up/ lqfxpehqw ru hqwudqw/ dftxluhv wkh
olfhqvh wr wkh lqqrydwlrq ghshqgv rq wkh vl}h ri lqqrydwlrq/ wkh lqlwldo pdunxs udwh/
dqg wkh vl}h ri wkh surgxfw pdunhw1
Zkhq wkh vl}h ri lqqrydwlrq lv odujh dqg dftxlulqj wkh olfhqvh jlyhv d odujh frvw
dgydqwdjh wr wkh olfhqvhh/ wkh hqwudqw whqgv wr dftxluh wkh olfhqvh1 Wkh uhdvrq iru wklv
uhvxow lv wkdw htxloleulxp sulfh dqg txdqwlw| ohyhov lq wkh surgxfw pdunhw ghshqg rq
zklfk up dftxluhv wkh olfhqvh1 Zkhq wkh lqfxpehqw dftxluhv wkh olfhqvh/ frpshwlwlrq
5lq wkh surgxfw pdunhw grhv qrw lqfuhdvh dqg wkh surgxfw sulfh uhpdlqv dw dq lqlwldo
kljk ohyho1 Khqfh/ wkh lqfxpehqw frqwlqxhv wr surgxfh d vpdoo txdqwlw| ri jrrgv1
Zkhq wkh hqwudqw dftxluhv wkh olfhqvh/ frpshwlwlrq lq wkh surgxfw pdunhw ehfrphv
wrxjkhu1 Lq wkh vkdgrz ri wkh lqfxpehqw*v wkuhdwv/ wkh hqwudqw uhgxfhv wkh sulfh dqg
surgxfhv pruh1 Dv d frqvhtxhqfh/ d odujh vfdoh lqqrydwlrq idyruv wkh hqwudqw pruh
wkdq wkh lqfxpehqw vlqfh frvw vdylqj ehqhwv duh odujhu iru d up wkdw surgxfhv
pruh1
Zkhq wkh lqlwldo pdunxs udwh lv kljk/ wkh lqfxpehqw whqgv wr dftxluh wkh olfhqvh1
D kljk lqlwldo pdunxs lpsolhv wkdw wkh lqfxpehqw kdv d odujh frvw dgydqwdjh ryhu lwv
vkdgrz frpshwlwru dqg lv hduqlqj d odujh surw1 Khqfh/ wkh lqfxpehqw lv zloolqj wr
sd| pruh wr pdlqwdlq wklv surw1
Zkhq wkh vl}h ri wkh pdunhw lv odujh/ wkh lqfxpehqw whqgv wr dftxluh wkh olfhqvh1
Wklv lv ehfdxvh wkh htxloleulxp sulfh lv kljkhu zkhq wkh lqfxpehqw dftxluhv wkh olfhqvh
wkdq zkhq wkh hqwudqw grhv1 Wkh odujhu/ wkh pdunhw/ wkh pruh wkh surwdelolw| ri
dftxlulqj wkh olfhqvh lv1 Dq lqfuhdvh lq wkh surwdelolw| lv krzhyhu eljjhu iru wkh
lqfxpehqw wkdq iru wkh hqwudqw vlqfh wkh lqfxpehqw fdq fkdujh d kljkhu pdunxs
wkdq wkh hqwudqw fdq/ frqglwlrqhg kdylqj dftxluhg wkh olfhqvh1
Wr vxppdul}h wkh dujxphqwv deryh/ whfkqrorjlfdo lqqrydwlrq/ frpshwlwlyh surgxfw
pdunhwv/ dqg vpdoo pdunhw irvwhu exvlqhvv hqwu| dqg h{lw/ dqg wkhuhe| mre fuhdwlrq
e| hqwudqwv1 Lqgxvwu| jurzwk duh xquhodwhg wr hqwu| dqg h{lw1
Whvw ri wkh Prgho Wkh uhvxowv ri wkh prgho duh whvwhg xvlqj XV mre  rzv gdwd
iurp 4<:6 wkurxjk 4<<61 Srrohg pxowlyduldwh uhjuhvvlrqv ri qlqhwhhq pdqxidfwxulqj
lqgxvwulhv frqup wkdw whfkqrorjlfdo lqqrydwlrq dqg vpdooqhvv ri wkh surgxfw pdunhw
erwk vwlpxodwh hqwu| dqg h{lw1 D vfdoh ri lqqrydwlrq/ phdvxuhg e| WIS jurzwk lv
srvlwlyho| uhodwhg wr mre fuhdwlrq udwhv e| qhz sodqwv dqg mre ghvwuxfwlrq udwhv e|
vkxwgrzq sodqwv dv suhglfwhg e| wkh prgho1 Wkh vl}h ri wkh pdunhw/ phdvxuhg e| lq0
gxvwu| vklsphqw lv qhjdwlyho| uhodwhg wr wkrvh wzr udwhv1 Rssrvlwh wr wkh suhglfwlrq
ri wkh prgho/ wkh pdunxs udwh lv srvlwlyho| uhodwhg wr wkrvh wzr udwhv1 Rqh lqwhu0
suhwdwlrq ri wklv srvlwlyh uhodwlrq lv khuglqj dqg vkdnhrxw1 Zkhq wkh pdunxs udwh lv
kljk/ pdq| upv pd| hqwhu wkh pdunhw wr sxuvxh wudqvlwru| surwv1 Wkhvh upv pd|
qrw |hw nqrz wkhlu srwhqwldo h!flhqflhv dw wkh wlph ri wkhlu hqwulhv dqg vrph ri wkh
upv zloo odwhu rq ohduq wkh| duh qrw yldeoh lq wkh pdunhw dqg h{lw1 +Mrydqrylf 4<;5,
L dovr uxq uhjuhvvlrqv lqfoxglqj lqgxvwu| jurzwk dqg JGS jurzwk dv h{sodqdwru|
yduldeohv iru vhfwrudo mre fuhdwlrq udwhv e| qhz sodqwv1 Frqvlvwhqw wr Dxguhwvfk dqg
Dfv +4<<7,/ wkh frh!flhqw rq JGS jurzwk lv vljqlfdqwo| srvlwlyh zkloh wkh rqh
rq lqgxvwu| jurzwk lv qrw vljqlfdqw1 Qrqhwkhohvv/ wklv sdshu grhv qrw dwwhpsw wr
h{sodlq zkhuh wklv srvlwlyh uhodwlrq dulvhv iurp1 Rqh srvvleoh uhdvrq pd| eh oltxlglw|
frqvwudlqwv wkdw olplw vwduwxs dfwlylwlhv e| hqwuhsuhqhxuv1 Lq wlphv ri uhfhvvlrq/ qhw
6zruwk ri froodwhudo vxfk dv krxvhv rzqhg whqg wr ghfuhdvh16 Wkxv/ JGS jurzwk
pd| eh qhjdwlyho| uhodwhg wr wkh ghjuhh ri oltxlglw| frqvwudlqwv1 Irupdo whvwv ri wklv
k|srwkhvlv uhtxluhv vfuxwlq| ri lqglylgxdo gdwd rq qhw zruwk dqg duh eh|rqg wkh vfrsh
ri wklv sdshu1
Uhodwhg Olwhudwxuh Wkh srvlwlyh uhodwlrq ehwzhhq vwduwxsv dfwlylwlhv dqg whfkqr0
orjlfdo lqqrydwlrq lv odujho| grfxphqwhg1 Plfur hylghqfh rq mre fuhdwlrq xqlirupo|
qgv wkdw uhdoorfdwlrqv ri uhvrxufhv iurp vkxwgrzq sodqwv wr qhz sodqwv duh dvvrfldwhg
zlwk surgxfwlylw| jdlqv1 +h1j1 Irvwhu/ Kdowlzdqjhu/ dqg Nlu}hq/ 4<<; dw VLF 70gljlw
ohyho/ dqg Rooh| dqg Sdnhv/ 4<<9 iru whohfrppxqlfdwlrq htxlsphqw lqgxvwulhv,1 Lq
fdvh vwxg| ohyho/ Jkhpdzdw +4<<4, ghwdlov dq hslvrgh ri wkh SE[ +sulydwh eudqfklqj
h{fkdqjh, lqgxvwu|1 Wkh uvw jhqhudwlrq ri SE[ wudqvplwv yrlfh rqo| dqg wkh wkuhh
upv/ DW)W/ Urop/ dqg Qruwkhuq Whohfrp kdg ehhq grplqdwlqj wkh yrlfh0rqo| SE[
pdunhw1 Lq odwh 4<:3v/ LqwhuFrp 0d vwduwxs/ uvw dgrswhg wkh yrlfh0dqg0gdwd SE[
dqg fxuyhg wkh pdunhw vkduh vkduso|1
Dw wkhruhwlfdo ohyho/ wkhuh lv d orqj olvw ri olwhudwxuh wkdw dwwhpswv wr h{sodlq
zk| vwduwxsv whqg wr dftxluh gudvwlf lqqrydwlrqv1 Khuh/ wkh zrug gudvwlf phdqv
wkdw lqqrydwlrq lv odujh hqrxjk vxfk wkdw wkh dgrswhu ri wkh lqqrydwlrq zloo eh iuhh
iurp wkh frpshwlwlyh suhvvxuh ri wkh rog whfkqrorj|1 Iru lqvwdqfh/ Uhlqjdqxp +4<;6,
vwxglhv wkh sdwhqw udfh lq zklfk lqfxpehqw dqg fkdoohqjhu vlpxowdqhrxvo| lqyhvw lq
U)G1 Vkh qgv wkdw li lqqrydwlrq lv gudvwlf/ wkh fkdoohqjhu dozd|v lqyhvw pruh wkdq
wkh lqfxpehqw1 Vlploduo|/ Jloehuw dqg Qhzexu| +4<;5, qg wkdw lqfxpehqw dozd|v
kdv lqfhqwlyhv wr ex| lqqrydwlrq pruh wkdq fkdoohqjhu xqohvv lqqrydwlrq lv gudvwlf1
P| prgho lv glhuhqw iurp wkhvh prghov lq ehlqj deoh wr dqdo|}h ydulrxv idfwruv wkdw
dhfw hqwu| ghflvlrqv ri qhz upv1 Wkh ruljlqdo prghov ri Uhlqjdqxp/ dqg Jloehuw
dqg Qhzexu| duh kljko| devwudfwlyh dqg irfxv rq wkh gudvwlflw| ri lqqrydwlrq dv dq
rqo| h{sodqdwlrq ri hqwu|1
Lq uhodwlrq wr wkh hpslulfdo sduw ri wkh fxuuhqw sdshu/ pdq| dxwkruv vwxg| gdwd
rq mre fuhdwlrq e| qhz sodqwv dqg ghvwuxfwlrq e| vkxwgrzqv1 +h1j1 Gxqqh/ Urehuwv/
dqg Vdpxhovrq/ 4<;</ Gdylv dqg Kdowlzdqjhu/ 4<<3 iru XV/ dqg Erhul dqg Fudphu
4<<4 iru Jhupdq|, Wkhvh zrunv vwxg| frqvhtxhqfhv ri mre fuhdwlrq dqg ghvwuxfwlrq
udwkhu wkdq fdxvhv 0 wkdw lv wkh irfxv ri wklv sdshu1
Rujdql}dwlrq ri wkh Sdshu Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5
ghvfulehv wkh prgho dqg ghprqvwudwhv wkh whvwdeoh lpsolfdwlrqv ri wkh prgho1 Vhfwlrq
6 whvwv wkh prgho1 Vhfwlrq 7 frqfoxghv wkh sdshu1
6Nl|rwdnl dqg Prruh +4<<:, vwxglhv d prgho ri exvlqhvv f|foh edvhg rq ￿qdqfldo frqvwudlqwv ri
￿upv dqg vkrzv wkdw froodwhudo ydoxhv duh surf|folfdo1 Dw hpslulfdo ohyho/ Eodfn/ gh0Ph}d/dqg Mh￿uh|v
￿qg wkdw d 43 shufhqw ulvh lq wkh ydoxh ri xquhohdvhg qhw krxvlqj htxlw| lqfuhdvhv wkh qxpehu ri qhz
YDW uhjlvwudwlrqv e| vrph 8 shufhqw lq XN1
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Lq wklv vhfwlrq/ L suhvhqw d sduwldo htxloleulxp prgho ri whfkqrorj| dgrswlrq1 Xqghu0
o|lqj wkh prgho lv wkh zrun ri Jloehuw dqg Qhzexu| +4<;5,1 Wkh| frpsduh lqfhqwlyhv
wr dgrsw d qhz whfkqrorj| ehwzhhq wkh lqfxpehqw prqrsrolvw dqg wkh srwhqwldo hq0
wudqw wr wkh pdunhw dqg qg wkdw wkh hqwudqw*v lqfhqwlyh lv dozd|v qr pruh wkdq wkh
lqfxpehqw*v lqfhqwlyh dqg h{sodlq zk| prqrsro| whqgv wr shuvlvw1
L prgli| wkh ruljlqdo prgho ri Jloehuw dqg Qhzexu| lq d frxsoh ri zd|v1 Iluvw/ L
dvvxph wkdw wkh lqfxpehqw lqfxuv uhrujdql}dwlrq frvwv wr dgrsw d odujh vfdoh lqqryd0
wlrq zkloh wkh hqwudqw grhv qrw kdyh wr1 Dv d uhvxow/ wkh hqwudqw*v lqfhqwlyh lv vwulfwo|
juhdwhu wkdq wkh lqfxpehqw*v lqfhqwlyh iru dgrswlrq ri d odujh vfdoh lqqrydwlrq xqolnh
Jloehuw dqg Qhzexu|1 Vhfrqg/ L dvvxph wkdw wkh surgxfw pdunhw lv fkdudfwhul}hg e|
Ehuwudqg frpshwlwlrq dqg krprjhqhrxv ghpdqg1 Wkhvh vshflfdwlrqv khos pdnh wkh
suhglfwlrq ri wkh prgho vkdushu dqg vlpsoli| wkh whvw ri wkh prgho odwhu rq1
Lw lv lpsruwdqw wr hpskdvl}h wkdw wkh dvvxpswlrq rq wkh uhrujdql}dwlrq frvw lv
qrw wkh rqo| zd| wr ghulyh wkh uhvxowv ehorz1 Wkh uhdvrqv zloo ehfrph fohdu odwhu rq1
Rwkhu srvvleoh vshflfdwlrqv duh glvfxvvhg dw wkh hqg ri wklv vhfwlrq1
514 Pdunhw dqg Whfkqrorj|
Wkhuh duh wzr shulrgv/ | 'f c Frqvlghu d pdunhw lq zklfk d vlqjoh lqfxpehqw up
lqlwldoo| E| 'f surgxfhv rqh w|sh ri krprjhqhrxv jrrgv zlwk d frqvwdqw uhwxuq wr
vfdoh whfkqrorj| dw xqlw frvw ri S Wkh lqfxpehqw rzqv wkh sdwhqw wr wklv whfkqrorj|
zkloh rwkhu upv fdq srwhqwldoo| surgxfh wkh vdph jrrgv dw xqlw frvw wkdw lv kljkhu
wkdq S Ohw 6S eh wkh xqlw frvw ri wkh rwkhu up/ zkhuh 6: Wkh jrrg pdunhw
lv fkdudfwhul}hg e| d sxuh Ehuwudqg frpshwlwlrq dqg wkh up wkdw srvwv wkh orzhvw
sulfh zloo prqrsrol}h wkh pdunhw1 Iru vlpsolflw|/ vxssrvh wkdw fxvwrphuv ex| iurp wkh
lqfxpehqw li wkhuh duh pruh wkdq rqh upv wkdw txrwh wkh orzhvw sulfh1 Wkh ghpdqg
ixqfwlrq ri wkh jrrg iru hdfk shulrg lv _|*R|c|'f c czkhuh _| lv wkh h{rjhqrxv wrwdo
h{shqglwxuh rq wkh jrrgv dqg R| lv wkh xqlw sulfh/ dw shulrg |17
Xqghu wkh vhwxs deryh/ wkh lqfxpehqw rswlpdoo| vhwv lwv sulfh htxdo wr 6S dw
| 'fvlqfh wkh wrwdo h{shqglwxuh rq wkh jrrgv lv {hg1 Wkxv/ 6 lv htxdo wr wkh lqlwldo











7Wkh ￿{hg h{shqglwxuh dvvxpswlrq vxssrvhv wkdw wkh suhihuhqfh ri frqvxphuv lv ri Free0
Grxjorxv irup ryhu gl￿huhqw jrrgv1 Lq wklv fdvh/ h{shqglwxuhv rq rqh w|sh ri jrrg grhv qrw ghshqg
rq wkh sulfh ri wkh jrrg1
8515 Lqqrydwlrq dqg Dgrswlrq ri Qhz Whfkqrorj|
Dw wkh ehjlqqlqj ri wkh vhfrqg shulrg E| ' cd qhz frvw0uhgxfwlrq whfkqrorj| h{0
rjhqrxvo| duulyhv dw kdqgv ri d wklug0sduw|1 Iurp qrz rq/ L fdoo wkh qhz whfkqrorj|
lqqrydwlrq dqg wkh wklug0sduw| lqqrydwru1 Wkh lqqrydwru grhv qrw xvh wkh lqqr0
ydwlrq e| khuvhoi18 Lqvwhdg/ vkh dxfwlrqv wkh lqqrydwlrq dqg olfhqvhv lw wr wkh up
zkr elgv wkh kljkhvw ihh1 Wkh sduwlflsdqwv wr wkh dxfwlrq frqvlvw ri wkh lqfxpehqw
dqg pdq| srwhqwldo hqwudqwv1 Wkh olfhqvhh fdq surgxfh jrrgv dw d qhz orz xqlw frvw/
E  kS/z k h u hk5E k c dqg f 	k	 Wkxv/ d kljkhu k fruuhvsrqgv wr d odujhu
vfdoh lqqrydwlrq1
L dvvxph wkdw dw wkh wlph ri dxfwlrq/ erwk hqwudqw dqg lqfxpehqw duh v|pphw0
ulfdoo| dqg shuihfwo| lqiruphg ri wkh h{rjhqrxv yduldeohv lqfoxglqj d ixwxuh yduldeoh/
_￿1
51514 Dgrswlrq Frvw
Li wkh lqfxpehqw rewdlqv wkh olfhqvh dqg dgrswv wkh lqqrydwlrq/ kh lqfxuv d {hg
frvw wr uhrujdql}h lwv surgxfwlrq surfhvv htxdo wr wEk L dvvxph wkdw wE lv d qrq0
ghfuhdvlqj ixqfwlrq1 Rq wkh rwkhu kdqg/ dq hqwudqw grhv qrw lqfxu vxfk uhrujdql}dwlrq
frvw1 Mxvwlfdwlrqv iru wklv dv|pphwu| ehwzhhq lqfxpehqw dqg hqwudqw lv wzrirog1
Iluvw/ wkh lqfxpehqw pd| eh vorz lq dgrswlqj wkh lqqrydwlrq gxh wr exuhdxfudf|1
Fkdqjh dqg uhrujdql}dwlrq w|slfdoo| uhtxluhv dssurydov iurp ydulrxv ohyhov ri h{lvwlqj
xqlwv dqg wklv dssurydo surfhvv wdnhv wlph1 Wklv surfhvv ghod|v wkh wlplqj ri dgrswlqj
wkh qhz whfkqrorj| dqg uhgxfhv wkh suhvhqw ydoxh ri wkh surw1 Dgrswlqj d odujh vfdoh
lqqrydwlrq lv pruh surwdeoh wkdq d vpdoo vfdoh lqqrydwlrq/ wkhq wkh orvv iurp ghod|lqj
wkh dgrswlrq lv kljkhu iru d odujh vfdoh lqqrydwlrq1 Rq frqwudu|/ dq hqwudqw fdq vwduw
lwv exvlqhvv e| d vpdoo vl}h dqg suhvxpdeo| grhv qrw vxhu iurp exuhdxfudf|1 Vhfrqg/
rog zrunhuv lq wkh lqfxpehqw up pd| uhvlvw gudvwlf fkdqjh zlwkrxw mre vhfxulwlhv dv
wkhlu vnloov duh vshflf wr wkh rog surgxfwlrq surfhvv1 Rqfh wkh lqfxpehqw dgrswv wkh
qhz surgxfwlrq surfhvv/ kh pd| uhsodfh rog zrunhuv zlwk |rxqj zkr duh pruh  h{leoh
lq dgmxvwlqj wkh qhz surfhvv1 Wr suhyhqw vxfk uhsodfhphqw/ rog zrunhuv suhvxpdeo|
uhtxluh mre vhfxulwlhv dqg surplvhv wkdw wkh up zloo uhwudlq wkh h{lvwlqj zrunhuv1
Vxfk frqwudfwlqj surfhvvhv wdnh wlph dqg djdlq wkh lqfxpehqw pd| kdyh wr ghod| wkh
dgrswlrq ri wkh qhz whfkqrorj|1
L dvvxph wkdw wkh uhrujdql}dwlrq frvw w Ek lv vpdoo uhodwlyh wr wkh surw iurp
dgrswlqj wkh lqqrydwlrq1 Lq wklv zd|/ lw lv qrw qhfhvvdu| wr vhsdudwh wkh ghflvlrqv ri
dftxlulqj wkh olfhqvh dqg ri dgrswlqj wkh lqqrydwlrq19 Khqfh/ wkh zrugv dftxlulqj
8Dq h{dpsoh ri vxfk wklug0sduw| lv d xqlyhuvlw| oderudwru| wkdw olfhqvhv d qhz whfkqrorj| wr
sulydwh ￿upv ru h￿hfwlyho| wudqvihuv wkh whfkqrorj| wkurxjk uhvhdufk mrlqw yhqwxuhv1
9Li wkh uhrujdql}dwlrq frvw ￿+￿, lv odujh hqrxjk/ wkh lqfxpehqw pd| ￿vkhoyh￿ wkh lqqrydwlrq/
vlplodu wr d uhvxow ri Jloehuw dqg Qhzexu|1 Wkdw lv/ wkh lqfxpehqw pd| qrw dgrsw wkh lqqrydwlrq
hyhq li lw uhfhlyhv wkh olfhqvh1 Lq wklv fdvh/ dq rqo| uhdvrq wr dftxluh wkh olfhqvh lv wr ghwhu wkh
hqwudqw iurp grlqj vr dqg wr dyrlg wkdw wkh surgxfw pdunhw frpshwlwlrq ehfrphv wrxjkhu1
9wkh olfhqvh dqg dgrswlqj wkh lqqrydwlrq phdq wkh vdph khuhdiwhu1
51515 Lqfhqwlyh wr uhfhlyh wkh olfhqvh
Krz pxfk d up lv zloolqj wr sd| iru uhfhlylqj wkh olfhqvh lv htxdo wr krz pxfk wkh
up jdlqv e| uhfhlylqj wkh olfhqvh1 Iluvw/ vxssrvh wkdw wkh lqfxpehqw uhfhlyhv wkh
olfhqvh/ wkhq wkh xqlw frvw ri rwkhu upv uhpdlqv wkh ruljlqdo ohyho/ 6S1W k x v / o l n h
wkh lqlwldo pdunhw/ wkh lqfxpehqw vhwv wkh sulfh htxdo wr 6S vr dv wr sxvk rxw wkh
rwkhu upv hqwluho| iurp wkh pdunhw1 Dv d frqvhtxhqfh/ wkh hqwudqw*v sd|r lv }hur1
Ixuwkhupruh/ wkh lqfxpehqw vxssolhv _￿*6S xqlwv ri jrrgv lq wkh surgxfw pdunhw








_ ￿wE k 
Vhfrqg/ vxssrvh wkdw wkh hqwudqw uhfhlyhv wkh olfhqvh dqg dgrswv wkh whfkqrorj|1
Lq wkh surgxfw pdunhw htxloleulxp/ vkh vhwv wkh xqlw sulfh htxdo wr S lq rughu wr
grplqdwh wkh pdunhw1 Wkh wrxjkhvw ulydo lq wkh pdunhw lv qrz wkh lqfxpehqw dqg lwv
ruljlqdo xqlw frvw/ S jlyhv wkh wkuhdw wr wkh hqwudqw1 Wkxv/ vkh zloo orvh wkh pdunhw li
vkh vhwv wkh sulfh kljkhu wkdq S Lq htxloleulxp/ wkh lqfxpehqw uhfhlyhv }hur sd|r1




Qrwh wkdw wkh sulfh lv orzhu dqg wkh vxsso| dprxqw lv eljjhu li wkh hqwudqw udwkhu
wkdq wkh lqfxpehqw dgrswv wkh lqqrydwlrq1 Wklv lv gxh wr d frpshwlwlrq hhfw1
Lq wkh fxuuhqw vhwxs/ wkh surgxfw pdunhw htxloleulxp lv dozd|v prqrsro| lq zklfk
hlwkhu lqfxpehqw ru hqwudqw surgxfhv wkh hqwluh dprxqw ri vxsso|1 Qrqhwkhohvv/ wkh
prqrsrolvw lv h{srvhg wr wkh srwhqwldo frpshwlwlrq iurp wkh up wkdw kdv wkh vhfrqg
ehvw whfkqrorj| dqg wkh vhfrqg orzhvw frvw1 Wkh frpshwlwlrq lv wrxjkhu zkhq wkh
hqwudqw dgrswv wkh lqqrydwlrq wkdq zkhq wkh lqfxpehqw grhv1 Khqfh/ wkh sulfh dqg
txdqwlw| glvwruwlrq gxh wr lpshuihfw frpshwlwlrq lv ohvv zkhq wkh hqwudqw dgrswv1
Qrwh wkdw wkh prgho kdv lpsolfdwlrqv iru erwk hqwu| dqg h{lw dv lw dvvxphv sxuh
sulfh frpshwlwlrq lq wkh surgxfw pdunhw1 Zkhq wkh hqwudqw dgrswv wkh lqqrydwlrq/
lw prqrsrol}hv wkh pdunhw dqg wkh lqfxpehqw h{lwv1 Wkxv/ wkh prgho lpsolhv wkh
shuihfw fruuhodwlrq ehwzhhq hqwu| dqg h{lw1
516 Htxloleulxp Dgrswhu
Lq htxloleulxp/ wkh up wkdw lv zloolqj wr sd| pruh iru wkh olfhqvh dftxluhv lw dqg
dgrswv wkh lqqrydwlrq1 Wr eh frqfuhwh/ ohw
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:wkhq/ li 7 : fc wkh hqwudqw dgrswv wkh lqqrydwlrq dqg li 7f cwkh lqfxpehqw
dgrswv wkh lqqrydwlrq1 Wr suhsduh iru suhvhqwlqj wkh uhvxowv ri frpsdudwlyh vwdwlfv/
ghqrwh 7e dv wkh vhw ri ikc6c_￿j vxfk wkdw 7 : f dqg 7￿ eh vxfk wkdw 7f 1W k h
ixqfwlrq/ 7 lv lqfuhdvlqj lq k/ dqg ghfuhdvlqj lq k dqg _￿ dqg wkhuhiruh wkh iroorzlqj
sursrvlwlrqv lpphgldwho| iroorz1
Wkh uvw sursrvlwlrq frqfhuqv krz ghjuhh ri lqqrydwlrq dhfw zkr dgrswv lw1
Sursrvlwlrq 4 Li ik￿c6 c_ j57 edqg k￿ 	k ￿￿c wkhq ik￿￿c6 c_ j57 e 1 Lq rwkhu
zrugv/ wkh rwkhu wklqjv htxdo/ wkh lqfxpehqw dgrswv d vpdoo vfdoh lqqrydwlrq zkloh wkh




a ˆ Di De a
Lq Iljxuh 4/ Z￿ lv gudzq dvvxplqj wkdw w lv d frqyh{ ixqfwlrq ri k dqg wkdw Z￿ lv
lqfuhdvlqj1 +Wkh ixqfwlrq Z￿ pd| ghfuhdvh lq k vrphzkhuh li w lv txlfno| lqfuhdvlqj
zlwk k, Dv wkh jxuh vkrzv/ wkh vorsh ri Ze lv dozd|v kljkhu wkdq wkh rqh ri Z￿ Wkh
uhdvrq iru wklv lv wzrirog1 Iluvw/ d odujhu lqqrydwlrq uhtxluhv wkh lqfxpehqw dorqh wr
lqfxu d kljkhu uhrujdql}dwlrq frvw w Khqfh/ wkurxjk wklv uhrujdql}dwlrq glvlqfhqwlyh
ri wkh lqfxpehqw/ d eljjhu k uhodwlyho| idyruv wkh hqwudqw1 Vhfrqg/ d eljjhu k hqdeohv
wkh hqwudqw wr vdyh lwv surgxfwlrq frvw pruh wkdq wkh lqfxpehqw1 Wkh htxloleulxp
sulfh ri jrrgv lv orzhu dqg wkh htxloleulxp vxsso| lv eljjhu zkhq wkh lqqrydwlrq lv
dgrswhg e| wkh hqwudqw wkdq zkhq e| wkh lqfxpehqw1 Wkxv d odujh vfdoh lqqrydwlrq/
zklfk lpsolhv d orz xqlw frvw/ eulqjv d eljjhu wrwdo frvw vdylqj rssruwxqlw| wr wkh
hqwudqw wkdq wr wkh lqfxpehqw dv wkh hqwudqw surgxfhv pruh wkdq wkh lqfxpehqw
grhv xsrq dgrswlrq1 Wkhuhiruh/ wkurxjk erwk uhrujdql}dwlrq dqg frvw vdylqj hhfwv/
de l j j h ukidyruv wkh hqwudqw pruh wkdq wkh lqfxpehqw1
Wr frpsduh wkh fxuuhqw prgho zlwk Jloehuw dqg Qhzexu|/ vxssrvh w Ek'f c; k








_￿ :k _ ￿'Z
e
;Wklv lqhtxdolw| lpsolhv wkdw wkh lqfxpehqw dozd|v kdv d kljkhu zloolqjqhvv wr sd| iru
wkh lqqrydwlrq wkdq wkh hqwudqw grhv1 Wklv uhvxow lv vlplodu wr wkh rqh ri Jloehuw dqg
Qhzexu| wkdw wkh lqfxpehqw*v lqfhqwlyh lv dozd|v dw ohdvw dv pxfk dv wkh hqwudqw*v
lqfhqwlyh1 Dv d frqvhtxhqfh/ wkh lqlwldo lqfxpehqw prqrsrolvw nhhsv ex|lqj dqg
dgrswlqj wkh lqqrydwlrq dqg wkh prqrsro| shuvlvwv1 Xqghuo|lqj wklv shuvlvwhqfh ri
prqrsro| lv wkh vdph iru erwk wkh fxuuhqw prgho/ dqg Jloehuw dqg Qhzexu|1 Dgrs0
wlrq ri wkh lqqrydwlrq e| wkh lqfxpehqw prqrsro| ohvvhqv wkh frpshwlwlyh suhvvxuh
dqg lqfuhdvhv wkh prqrsro| surw e| hqodujlqj wkh frvw dgydqwdjh ri wkh lqfxpehqw1
Rq wkh rwkhu kdqg/ dgrswlrq e| wkh hqwudqw ohdgv wr d wrxjkhu frpshwlwlrq lq wkh
surgxfw pdunhw dqg wr d orzhu mrlqw surw1 Khqfh/ dgrswlrq e| wkh lqfxpehqw lv pruh
surwdeoh wkdq e| wkh hqwudqw1 Wkh lqfxpehqw lv zloolqj wr sd| iru wklv prqrsro|
suhplxp dqg wkhuhe| wkh lqfxpehqw udwkhu wkdq wkh hqwudqw dozd|v ex|v dqg dgrswv
wkh lqqrydwlrq1
Wkh vhfrqg sursrvlwlrq frqfhuqv krz wkh lqlwldo frpshwlwlyhqhvv ri wkh surgxfw
pdunhw dhfwv zkr dgrswv wkh lqqrydwlrq1
Sursrvlwlrq 5 Li ikc6￿c_ ￿j57 ￿dqg 6￿ 	6 ￿￿c ikc6￿￿c_ ￿j57 ￿1L qr w k h uz r u g v /
wkh rwkhu wklqjv htxdo/ wkh lqqrydwlrq lv dgrswhg e| wkh lqfxpehqw li wkh lqlwldo pdunxs




m ˆ Di 1 De
Wkh lqwxlwlrq ehklqg wklv sursrvlwlrq lv dv iroorzv= zkhq 6 lv odujh/ wkh lqfxpehqw
lqlwldoo| kdv d odujh frvw dgydqwdjh ryhu iulqjh upv dqg pdnhv d kljk prqrsro|
surw1 E| ex|lqj wkh lqqrydwlrq dqg nhhslqj wklv frvw dgydqwdjh/ wkh lqfxpehqw fdq
frqwlqxh wr uhfhlyh d kljk prqrsro| surw dqg wkhuhe| kdv pruh zloolqjqhvv wr sd|
iru wkh lqqrydwlrq1
Wkh wklug sursrvlwlrq frqfhuqv wkh vl}h hhfw ri wkh surgxfw pdunhw rq zkr dgrswv
wkh lqqrydwlrq1




￿j57 ￿ 1L q r w k h u z r u g v /
wkh rwkhu wklqjv htxdo/ wkh lqfxpehqw dgrswv wkh lqqrydwlrq li wkh ghpdqg lv kljk> wkh
hqwudqw dgrswv wkh lqqrydwlrq li wkh ghpdqg lv orz1 +Vhh Iljxuh 6,
d1
1 ˆ d Di De
p i
p e
Wkh lqwxlwlrq ehklqg wklv sursrvlwlrq lv vlplodu wr wkh rqh iru Sursrvlwlrq 51 Zkhq
_￿ lqfuhdvhv/ wkh lqfxpehqw*v sd|r e| dgrswlqj wkh lqqrydwlrq lqfuhdvhv idvwhu wkdq
wkh hqwudqw*v sd|r1 Wklv lv ehfdxvh wkh lqfxpehqw fdq vhw d kljkhu sulfh wkdq
wkh hqwudqw grhv xsrq dgrswlrq= dq lqfuhdvh lq vxsso| dprxqwv dffrpsdq|lqj wkh
lqfuhdvh lq _￿ lv vpdoohu iru wkh lqfxpehqw dqg vr lv dq lqfuhdvh lq wkh wrwdo frvw ri
surgxfwlrq1
517 Dvvxpswlrqv Dowhuqdwlyh wr Uhrujdql}dwlrq Frvwv
Dv ghvfulehg lq wkh glvfxvvlrq ri Sursrvlwlrq 4/ wkh lqfxpehqw dozd|v kdv d eljjhu
lqfhqwlyh wr dgrsw wkh lqqrydwlrq wkdq wkh hqwudqw1 Wklv lv wkh uhdvrq zk| L lqwur0
gxfhg wkh uhrujdql}dwlrq frvw wr uhgxfh wkh lqfxpehqw*v lqfhqwlyh dqg wr kdyh d fdvh
lq zklfk wkh hqwudqw pd| dgrsw wkh lqqrydwlrq1 Rwkhu zd|v wr ghulyh vxfk d fdvh duh
wr frqvlghu wkh idfwruv wkdw lqfuhdvh wkh hqwudqw*v lqfhqwlyh iurp rqh lq wkh iulfwlrqohvv
fdvh +w Ek'f ,1 L qrz suhvhqw wzr h{dpsohv ri vxfk idfwruv1
51714 Sulydwh Ehqhw ru Dqlpdo Vslulwv ri Hqwuhsuhqhxuv
Vxssrvh wkdw wkh hqwudqw lv d qhz up vwduwhg xs e| dq hqwuhsuhqhxu1 E| rzqlqj dqg
uxqqlqj up/ wkh hqwuhsuhqhxu pd| uhfhlyh d sv|fkrorjlfdo ehqhw vxfk dv d vhqvh ri
lqghshqghqfh ru ri uhdol}lqj klv2khu dqlpdo vslulwv1 Ohw  eh wkh srvlwlyh xwlolw| jdlq
wkdw wkh hqwuhsuhqhxu rewdlqv e| vwduwlqj klv2khu rzq exvlqhvv/ lq dgglwlrq wr wkh
prqhwdu| jdlq1 Lq wkdw fdvh/ wkh hqwudqw*v lqfhqwlyh lv h{suhvvhg e| Ze ' k_￿ n 
Dv d frqvhtxhqfh/ hyhq li wkhuh lv qr uhrujdql}dwlrq frvw/ Ze fdq eh juhdwhu wkdq Z￿
4351715 V|qhuj| e| Hqwu|
Vxssrvh wkdw wkh hqwudqw lv d up douhdg| kdylqj rshudwhg lq rqh ru pruh olqhv
ri exvlqhvv dqg glyhuvli|lqj wrzdugv rwkhu pdunhwv pd| khos wkh up wr uhdol}h lwv
srwhqwldo vfrsh hfrqrp| ru v|qhuj|1 Vxfk hfrqrp| fdq eh dvvrfldwhg zlwk eudqg
qdph dqg2ru uhwdlolqj fkdqqhov wkdw wkh up lv douhdg| hqgrzhg1 Khqfh/ glyhuvli|lqj
wkurxjk dgrswlqj wkh lqqrydwlrq fuhdwhv dq h{wud ehqhw wr wkh up dqg wkhq Ze
frqvlvwv qrw rqo| wkh sxuh surw/ k_￿ exw dovr ri wkh jdlq iurp uhdol}lqj v|qhuj|1
518 Mre Fuhdwlrq dqg Ghvwuxfwlrq
Wr vxppdul}h wkh uhvxowv ri wkh prgho deryh/ wkh vfdoh lqqrydwlrq/ dqg wkh frpshwl0
wlyhqhvv dqg wkh vpdooqhvv ri wkh surgxfw pdunhw duh srvlwlyho| dvvrfldwhg zlwk hqwu|1
Wkh vhfrqg sduw ri wklv sdshu whvwv wkhvh lpsolfdwlrqv ri wkh prgho xvlqj gdwd rq mre
fuhdwlrq udwh ri qhz sodqwv1W rg rv r /Ld v v x p hw k d ww k hq x p e h ur im r ew k d wh d f kq h z
sodqw fuhdwh lv frqvwdqw dqg lqghshqghqw ri wkh yduldeohv wkdw dhfw ghflvlrqv ri sodqw
vwduwxs1 Rqh mxvwlfdwlrq iru wklv dvvxpswlrq lv dgmxvwphqw frvwv iru qhz sodqwv wr
vwduw rshudwlrq dqg wr jurz1 Dw vwduwxs vwdjh/ d sodqw sulpdulo| qhhgv dgplqlvwudwlyh
shuvrqqho wr kdqgoh ohjdo uhjlvwudwlrqv dqg uhfuxlwlqj1 Wklv nlqg ri shuvrqqho kdv
qdwxuh ri {hg frvwv dqg wkh qxpehu ri uhtxluhg shuvrqqho lv suhvxpdeo| frqvwdqw
ryhu sodqwv1 Ixuwkhupruh/ dw vwduwxs vwdjh/ lw uhtxluhv vxevwdqwldo wlph wr uhfuxlw
zrunhuv dqg lw pd| eh gl!fxow wr dfklhyh wkh ghvludeoh qxpehu ri idfwru| zrunhuv lq
d vkruw lqwhuydo1 Wkxv/ wkh qxpehu ri zrunhuv wkdw d qhz sodqw fdq kluh pd| kdyh dq
h{rjhqrxv xsshu olplw1
Qrqhwkhohvv/ hqwu| dqg mre fuhdwlrq duh glhuhqw frqfhswv= pruh hqwulhv gr qrw
qhfhvvdulo| phdq pruh mre fuhdwlrq lq wkh orqj uxq wkdw lv orqj hqrxjk wr dfklhyh wkh
g h v l u h gq x p e h ur is u r g x f w l r qz r u n h u v 1 W k hs x u s r v hr iw k l vv x e v h f w l r ql vw rf o d u l i |
wklv glvwlqfwlrq dqg wr ghulyh wkh orqj0uxq lpsolfdwlrq rq mre fuhdwlrq ri qhz sodqwv1
Iru wklv vdnh/ L dvvxph wkdw wkh udwlr ri oderu lqsxw lq wkh wrwdo frvw lv lqghshqghqw
ri whfkqrorj| dqg wkhuhe| wkh mre fuhdwlrq udwh lv htxdo wr wkh jurzwk udwh ri wkh
wrwdo frvw1 Lqlwldoo|/ wkh lqfxpehqw vxssolhv _f*6S xqlwv ri jrrgv vshqglqj wkh frvw
htxdo wr _f*61 Zkhq wkh hqwudqw dgrswv wkh lqqrydwlrq/ wkh htxloleulxp vxsso| lv
_￿*S dqg wkh wrwdo frvw lv _￿ E  k1 Khqfh/ wkh jurvv mre fuhdwlrq udwh lv htxdo wr=
_￿ E  k
_f*6
' 6} E  kc
zkhuh } lv udwh ri lqgxvwu| jurzwk/ _￿*_f1W k l vh { s u h v v l r ql vl q f u h d v l q jl q6dqg }/
dqg ghfuhdvlqj lq k1 Lqwxlwlrqv duh vwudljkwiruzdug1 Iluvw/ d kljk 6 phdqv wkdw wkh
lqfxpehqw lv lqlwldoo| vhwwlqj d kljk sulfh dqg surgxflqj olwwoh ehfdxvh wkh lqfxpehqw
kdv d elj frvw dgydqwdjh ryhu wkh iulqjh upv1 Wkh vlwxdwlrq ehfrphv vxevwdqwldoo|
glhuhqw dqg wkh frpshwlwlrq ehfrphv wrxjkhu uhodwlyh wr wkh lqlwldo pdunhw zkhq wkh
hqwudqw dgrswv wkh lqqrydwlrq1 Gxh wr wklv odujh lqfuhdvh lq frpshwlwlrq/ wkh vxsso|
44dprxqw vxevwdqwldoo| lqfuhdvhv dqg vr grhv hpsor|phqw1 Vhfrqg/ d kljk } lpsolhv
wkdw pruh xqlwv ri jrrgv duh vxssolhg lq wkh pdunhw dqg pruh oderu lqsxw lv uhtxluhg1
Wklug/ d kljk k p h d q vw k d wd u pf d qs u r g x f hj r r g vz l w ko h v vl q s x w v 1 K h q f h /m r e
fuhdwlrq udwh lv qhjdwlyho| dvvrfldwhg zlwk k1
F r p e l q l q jw k h v hu h v x o w vr qm r ef u h d w l r qe |q h zs o d q w vz l w kr q h vr qh q w u | /w k h
prgho lpsolhv wkdw=
41 Wkh ghjuhh ri lqqrydwlrq lv srvlwlyho| dvvrfldwhg zlwk hqwu| zkloh qhjdwlyho|
dvvrfldwhg zlwk mre fuhdwlrq e| qhz sodqwv frqglwlrqhg rq wkdw hqwu| kdv wdnhq
sodfh1
51 Wkh lqlwldo pdunhw frpshwlwlyhqhvv lv qhjdwlyho| dvvrfldwhg zlwk hqwu| zkloh
srvlwlyho| dvvrfldwhg zlwk mre fuhdwlrq e| qhz sodqwv frqglwlrqhg rq wkdw hqwu|
kdv wdnhq sodfh1
61 Wkh lqgxvwu| jurzwk lv xquhodwhg wr hqwu| zkloh srvlwlyho| dvvrfldwhg zlwk mre
fuhdwlrq e| qhz sodqwv frqglwlrqhg rq wkdw hqwu| kdv wdnhq sodfh1
6W k h W h v w r i w k h P r g h o
Lq wklv vhfwlrq/ L whvw wkh uhvxowv ri wkh prgho e| d vwdqgdug pxowlyduldwh uhjuhvvlrqv1
Ghshqghqw yduldeohv duh mre fuhdwlrq udwh ri qhz sodqwv dqg mre ghvwuxfwlrq udwh ri
vkxwgrzq sodqwv1 Lq wkh prgho/ mre fuhdwlrq udwh ri qhz sodqwv fruuhvsrqgv wr hqwu|
dqg mre ghvwuxfwlrq udwh ri vkxwgrzq/ h{lw1 H{sodqdwru| yduldeohv duh WIS jurzwk/
ohdg pdunxs udwh/ rxwsxw/ dqg vklsphqw jurzwk dw lqgxvwu| ohyho dqg JGS jurzwk1
L fdoo vklsphqw jurzwk dw lqgxvwu| ohyho lqgxvwu| jurzwk lq rughu wr glvwlqjxlvk iurp
JGS jurzwk1 Lq wkh prgho/ WIS jurzwk/ ohdg pdunxs udwh/ dqg rxwsxw fruuhvsrqg
wr kc 6c dqg _￿1 Wkh prgho lpsolhv wkdw qhlwkhu lqgxvwu| jurzwk qru JGS jurzwk
h{sodlqv hqwu| dqg h{lw1 Qrqhwkhohvv/ e| suhvhqwlqj wkh uhjuhvvlrqv lqfoxglqj wkrvh
yduldeohv/ L zdqw wr frqup wkh prwlydwlrqdo idfwv suhvhqwhg lq Lqwurgxfwlrq ri wklv
sdshu1 Wkdw lv/ JGS jurzwk lv srvlwlyho| uhodwhg wr hqwu| rq wkh rqh kdqg/ lqgxvwu|
jurzwk lv qrw/ rq wkh rwkhu1
614 Gdwd Ghvfulswlrq
Wkh gdwd rq mre fuhdwlrq dqg ghvwuxfwlrq frph iurp XV mre0 rz gdwd/ wkh Fhqwhu
iru Hfrqrplf Vwxglhv/ XV Exuhdx ri Fhqvxv1 Wklv gdwdvhw irfxv rq pdqxidfwxulqj
lqgxvwulhv dqg lghqwli| mre fuhdwlrq udwhv ri qhz dqg frqwlqxlqj sodqwv/ dqg mre gh0
vwuxfwlrq udwhv ri vkxwgrzq dqg frqwlqxlqj sodqwv1 Wkh sduw ri wkh gdwd wkdw L xvh
lv mre fuhdwlrq udwh ri qhz sodqwv dqg mre ghvwuxfwlrq udwh ri vkxwgrzq sodqwv dw VLF
50gljlw ohyho1 Wkh gdwd vdpsoh lv ri dqqxdo iuhtxhqf| dqg fryhuv iurp 4<:6 wkurxjk
4<<61 Wkh uhvw ri wkh gdwd xvhg iru wklv vhfwlrq frphv iurp QEHU pdqxidfwxulqj
45surgxfwlylw| gdwdedvh1 Wklv gdwdedvh lghqwlhv pdq| surgxfwlylw| uhodwhg yduldeohv
lqfoxglqj ydulrxv h{shqglwxuhv/ vklsphqw/ dqg WIS jurzwk dw irxu gljlw VLF ohyho1:
Wr doljq wkh QEHU gdwd zlwk wkh mre  rz gdwd wkdw lv dv frduvh dv dw VLF 50gljlw
ohyho/ L djjuhjdwh wkh irxu0gljlw ohyho yduldeohv/ WIS jurzwk/ ohdg pdunxs/ dqg lq0
gxvwu| jurzwk wr wkh wzr0gljlw ohyho wdnlqj dyhudjh zhljkwhg e| vklsphqw1 Dsshqgl{
ghwdlov wkh frqvwuxfwlrq ri wkh yduldeohv1
Ohjhqg
MFQ= Wzr0|hdu dyhudjh ri mre fuhdwlrq udwhv e| qhz sodqwv +(,1
MGV= Wzr0|hdu dyhudjh ri mre ghvwuxfwlrq udwhv e| vkxwgrzq sodqwv +(,1
[WIS= Wzr0|hdu dyhudjh ri WIS jurzwk +(,1
PS= Ohdg pdunxs udwh +(,1
VKLS= Wzr0|hdu dyhudjh ri vklsphqw/ 4<<5 eloolrqv ri grooduv1
[VKLS= Wzr0|hdu dyhudjh ri lqgxvwu| jurzwk +(,1
[JGS Wzr0|hdu dyhudjh ri JGS jurzwk +(,
Wdeoh 5 suhvhqwv wkh ghvfulswlyh vwdwlvwlfv ri wkh yduldeohv lq wkh uhjuhvvlrqv dqg
Wdeoh 6 suhvhqwv wkh fruuhodwlrqv ehwzhhq wkh yduldeohv1
Wdeoh 5
Ghvfulswlyh Vwdwlvwlfv
MFQ MGV [WIS PS VKLS [VKLS [JGS
Phdq 4175;6 51:37< 316;94 6615<79 4184:3 41;;;4 518<43
Phgldq 41569: 517795 317869 651:::3 414<:< 417;;4 51877:
Pd{1 :146<5 461443 :1:466 :7137<5 7158<8 68158<< 817;95
Plq1 3158<; 318;7: 0;18758 618<;4 313<86 04<19673 031875;
V1G1 31;4:5 417:78 51534< 451<383 413;9: 915776 41:<99
Qxpehu ri Revhuydwlrqv= 6;3> Qxpehu ri Furvv Vhfwlrqv= 4<
Dv wkh wkhru| suhglfwv/ wkh fruuhodwlrq ehwzhhq mre fuhdwlrq udwh ri qhz sodqwv
dqg mre ghvwuxfwlrq udwh ri vkxwgrzq sodqwv duh vxevwdqwldoo| dqg srvlwlyho| fruuhodwhg
dqg vxjjhvwv wkdw hqwu| dqg h{lw duh erwk gulyhq e| wkh vdph idfwruv1
:Iru pruh ghwdlo derxw wklv gdwd/ vhh Eduwhovpdq dqg Jud| +4<<9,1
46Wdeoh 6
Fruuhodwlrq Pdwul{
MFQ MGV [WIS PS VKLS [VKLS [JGS
MFQ 4
MGV 317743 4
[WIS 31447< 313:9; 4
PS 315437 313:3: 0313638 4
VKLS 0315:86 0315:65 31386< 031389; 4
[VKLS 31368; 0314:9: 314857 313;67 313<85 4
[JGS 315337 31366< 316<7< 03134:6 3133<9 316;76 4
Qxpehu ri Revhuydwlrqv= 6;3> Qxpehu ri Furvv Vhfwlrqv= 4<
615 Uhjuhvvlrq Uhvxowv
Wdeoh 7 suhvhqwv wkh uhvxowv ri pxowlyduldwh uhjuhvvlrqv rq mre fuhdwlrq udwh ri qhz
sodqwv dqg Wdeoh 8 suhvhqwv wkh uhvxowv rq mre ghvwuxfwlrq udwh ri vkxwgrzq sodqwv1
Iru erwk ghshqghqw yduldeohv/ vl{ glhuhqw uhjuhvvlrqv duh frqgxfwhg1 Wkh uvw wkuhh
uhjuhvvlrqv dvvxph wkdw doo frh!flhqwv duh frpprq wr doo lqgxvwulhv +frpprq hhfwv,1
Wkh odwwhu wkuhh uhjuhvvlrqv doorz wkdw wkh lqwhufhsw pd| glhu dfurvv lqgxvwulhv +{hg
hhfwv,1 Iru hdfk lqwhufhsw vshflfdwlrq/ wkhuh duh wkuhh glvwlqfw uhjuhvvlrqv1 Wkh
uvw uhjuhvvlrq whvwv wkh prgho dv lw lv dqg wkh h{sodqdwru| yduldeohv duh WIS jurzwk/
ohdg pdunxs udwh/ dqg vklsphqw1 Wkh prgho suhglfwv wkdw wkh frh!flhqwv rq WIS
jurzwk duh srvlwlyh/ wkh rqhv rq ohdg pdunxs udwh dqg vklsphqw duh qhjdwlyh1 Wkh
vhfrqg uhjuhvvlrq lqfoxghv lqgxvwu| jurzwk dv dq h{sodqdwru| yduldeoh lq dgglwlrq
wr vhh li hqwu| lv surf|folfdo dw lqgxvwu| ohyho dv wkh frpshwlwlyh htxloleulxp prgho
zlwk ghfuhdvlqj uhwxuqv wr vfdoh vxjjhvwv1 Wkh prgho lq wklv sdshu suhglfwv wkdw wkh
frh!flhqw rq lqgxvwu| jurzwk lv }hur1 Wkh wklug uhjuhvvlrq ixuwkhupruh dggv JGS
jurzwk dv dq h{sodqdwru| yduldeoh1 Dowkrxjk wkh prgho suhvhqwhg lq wkh fxuuhqw
sdshu grhv qrw kdyh dq| lpsolfdwlrq rq pdfurhfrqrplf hhfwv rq h{lw dqg hqwu|/
JGS jurzwk pd| eh uhodwhg wr dq lqfuhdvh lq qhw zruwk ri froodwhudo dqg uhod{dwlrq
ri oltxlglw| frqvwudlqwv1 Wkxv/ wkh frh!flhqw rq JGS jurzwk lv h{shfwhg wr eh
srvlwlyh1
47Wdeoh 7
Mre Fuhdwlrq Udwh ri Qhz Sodqwv
H{sodqdwru| Lqwhufhsw
Yduldeohv Frpprq H￿hfwv Il{hg H￿hfwv
WIS Jurzwk 3137::--- 3137;:--- 3134:; 31376<--- 313799--- 313433
+[WIS, +3134:<, +3134;4, +3134<5, +313489, +31348<, +31349;,
Ohdg Pdunxs 31345:--- 313458--- 313464--- 31357<--- 313578--- 313599---
+PS, +313364, +313364, +313364, +3133::, +3133::, +3133:8,
Vklsphqw 0315378--- 0315396--- 0314<;:--- 0314:54 03149;: 031547<
+VKLS, +313695, +313698, +31368;, +314833, +3147<:, +314794,
Lqgxvwu| Jurzwk 313367 03133:3 313387 0313393
+[VKLS, +313397, +31339;, +313388, +31338<,
JGS Jurzwk 313<;6--- 314344---
+[JGS, +313588, +313548,
Dgmxvwhg U2 314577 314556 314873 316;76 316;77 3174;7
Qxpehu ri Revhuydwlrq= 6;3
0 ---= vljql￿fdqw dw 4( ohyho> --= vljql￿fdqw dw 8( ohyho> -= vljql￿fdqw dw 43( ohyho1
0 Vwdqgdug huuruv duh lq sduhqwkhvlv1
Wdeoh 8
Mre Ghvwuxfwlrq Udwh ri Vkxwgrzq Sodqwv
H{sodqdwru| Lqwhufhsw
Yduldeohv Frpprq H￿hfw Il{hg H￿hfw
WIS Jurzwk 313944- 313:;9-- 3138;9 313:6<--- 313;87--- 313:73---
+[WIS, +313663, +31365<, +313689, +313586, +313586, +3135::,
Ohdg Pdunxs 3133:9 3133<:- 313434- 31386<--- 3138:8--- 3138;7---
+PS, +31338:, +31338:, +31338:, +313457, +313457, +313457,
Vklsphqw 0316:5:--- 0316836--- 0316784--- 0318665-- 0318739-- 0318897--
+VKLS, +3139:3, +313996, +313996, +31575<, +315736, +31573;,
Lqgxvwu| Jurzwk 0313753--- 03137<4--- 0313596--- 0313363---
+[VKLS, +31344:, +313459, +3133;<, +3133<:,
JGS Jurzwk 3139;< 313694
+[WIS, +3137:5, +313687,
Dgmxvwhg U2 313;33 3143;6 314443 318375 31847: 31847:
Qxpehu ri Revhuydwlrq= 6;3
0 ---= vljql￿fdqw dw 4( ohyho> --= vljql￿fdqw dw 8( ohyho> -= vljql￿fdqw dw 43( ohyho1
0 Vwdqgdug huuruv duh lq sduhqwkhvlv1
Dv h{shfwhg/ wkh frh!flhqwv rq WIS jurzwk duh srvlwlyh iru doo uhjuhvvlrqv1 Wkh
uhjuhvvlrqv zlwkrxw JGS jurzwk dv dq h{sodqdwru| yduldeoh vxjjhvw wkdw rqh shufhqw
lqfuhdvh lq WIS ohdgv wr 1370138 shufhqw lqfuhdvh lq mre fuhdwlrq udwh ri qhz sodqwv dqg
139013; shufhqw lqfuhdvh lq mre ghvwuxfwlrq udwh ri vkxwgrzq sodqwv1 Zkhq lqfoxglqj
48JGS jurzwk dv dq h{sodqdwru| yduldeoh/ wkrvh hhfwv ehfrph zhdn dqg qrw vljqlfdqw
iru mre fuhdwlrq udwh ri qhz sodqwv krzhyhu1 Wklv pd| eh gxh wr d kljk fruuhodwlrq
ehwzhhq WIS jurzwk dqg JGS jurzwk1 Dv Wdeoh 6 vkrzv/ wkh fruuhodwlrq ehwzhhq
wkhvh wzr yduldeohv lv derxw 73 shufhqw dqg vxjjhvwv d sureohp ri frolqhdulw|1
Frqwudu| wr wkh prgho/ wkh frh!flhqwv rq ohdg pdunxs udwh lv srvlwlyh iru doo uh0
juhvvlrqv= gdwd vkrzv wkdw frpshwlwlyhqhvv ri wkh surgxfw pdunhw glvfrxudjhv hqwu|
dqg h{lw1 Rqh lqwhusuhwdwlrq iru wklv uhvxow lv khuglqj dqg vkdnhrxw1 D kljk pdunxs
pd| pdqlihvw wkdw wkh pdunhw lv dw lwv suholplqdu| vwdjh dqg rqo| ihz upv duh rshu0
dwlqj1 Dw wklv vwdjh/ wkh frpshwlwlrq lv qrw |hw wrxjk dqg pdunxs lv vwloo kljk1 Wkxv/
pdq| upv hqwhu wkh pdunhw wr vhhn whpsrudu| surw dwwhpswlqj wr h{sorlw vkruw0uxq
glvhtxloleulxp1 Ixuwkhupruh/ olwhudwxuh rq hqwu| zlwk xqfhuwdlq surgxfwlylw| vxfk dv
Mrydqrylf +4<;5, vxjjhvwv wkdw pdq| ri wkrvh vwduwxs upv whqg wr h{lw vrrq ehfdxvh
wkh| hqwhu wkh pdunhw zlwkrxw nqrzlqj wkhlu srwhqwldo surgxfwlylw| xqwlo hqwu| dqg
diwhu wkh hqwu| vrph ri wkhp glvfryhu wkdw wkh| duh qrw yldeoh1
Wkh uhvxowv rq vklsphqw frqup wkh prgho1 Wkh frh!flhqwv rq vklsphqw duh doo
qhjdwlyh/ wkdw lv/ wkh vl}h ri wkh pdunhw lv qhjdwlyho| dvvrfldwhg zlwk hqwu| dqg h{lw1
Qrqhwkhohvv/ wkh frh!flhqwv zlwk {hg hhfwv duh qrw vljqlfdqw iru wkh uhjuhvvlrqv
rq mre fuhdwlrq udwh ri qhz sodqwv dqg wklv vxjjhvwv wkdw wkh lqgxvwu| yduldwlrq ri
wkh pdunhw vl}h qhjdwlyho| dhfwv hqwu| rq wkh rqh kdqg/ wkh wlph yduldwlrq qrw/ rq
wkh rwkhu kdqg1 Rqh lqwhusuhwdwlrq ri wklv uhvxow lv wkh wlph yduldwlrq ri vklsphqw
pd| phdvxuh surgxfw ydulhw| dqg wkhuhe| wkh qxpehu ri pdunhw1 Dv wlph jrhv e|/
wkh surgxfw ydulhw| lq lqgxvwu| dqg wkh qxpehu ri pdunhw pd| lqfuhdvh zkloh wkh
vl}h ri hdfk pdunhw pd| qrw1 Lq wklv fdvh/ wkh wlph yduldwlrq ri vklsphqw grhv qrw
fruuhfwo| phdvxuh wkh wlph yduldwlrq ri wkh vl}h ri lqglylgxdo pdunhw dqg wkhuhiruh wkh
frh!flhqwv rq vklsphqw pd| eh qrw vljqlfdqw lq wkh uhjuhvvlrqv zlwk {hg hhfwv1
Lq wkh uhjuhvvlrqv rq mre fuhdwlrq udwh ri qhz sodqwv/ wkh frh!flhqwv rq lqgxvwu|
jurzwk duh qrw vljqlfdqw dqg vrphwlphv qhjdwlyh1 Wklv frqupv wkh fxuuhqw prgho
dqg frqwudglfwv wkh frpshwlwlyh htxloleulxp prgho zlwk ghfuhdvlqj uhwxuqv wr vfdoh1
Wkrvh frh!flhqwv lq wkh uhjuhvvlrqv rq mre ghvwuxfwlrq udwh ri vkxwgrzq sodqwv duh
qhjdwlyh dqg doo vljqlfdqw1 Wklv uhvxow frqwudglfwv wkh prgho lq wklv sdshu1 Rqh
lqwhusuhwdwlrq iru wklv uhvxow lv wkh srvvlelolw| wkdw sodqwv pd| eh vkxw grzq gxh wr
vkulqnlqj exvlqhvv rssruwxqlw| wkdw lv qrw wdnhq dffrxqw lq wkh prgho1 Pdlqwdlqlqj
rqh sodqw uhtxluhv d vxevwdqwldo {hg frvw vxfk dv dgplqlvwudwlrq/ dqg whqdqw ihhv
ru pruwjdjh sd|phqwv iru idfwru| exloglqjv1 Wkxv/ li ghpdqg iru surgxfwv vkulqn/
vrph sodqwv duh qr orqjhu surwdeoh hqrxjk wr fryhu wkrvh {hg frvwv dqg wkhuhe|
vkxwgrzq1
Wkh frh!flhqwv rq JGS jurzwk duh srvlwlyh dqg vljqlfdqw lq wkh uhjuhvvlrq
rq mre fuhdwlrq udwh ri qhz sodqwv1 Wklv pdnhv d vkdus frqwudvw wr wkh uhvxowv rq
lqgxvwu| jurzwk lq wkh vdph uhjuhvvlrqv1 Dv ghvfulehg lq Lqwurgxfwlrq/ Dxguhwvfk
dqg Dfv +4<<7, qg d vlplodu uhvxow xvlqj wkh gdwd rq up vwduwxs1 Dowkrxjk wkh
fxuuhqw uhjuhvvlrq xvhv mre0 rzv gdwd/ lw frqupv wkh uhvxow ri Dxguhwvfk dqg Dfv
49lq lghqwli|lqj dq djjuhjdwh udwkhu wkdq d vhfwrudo jurzwk h{sodlqv d vhfwrudo vwduwxs
dfwlylw|1
7 Frqfoxglqj Uhpdunv
Wklv sdshu vwxglhv exvlqhvv hqwu| dqg h{lw lq suhvhqfh ri lpshuihfw sulfh frpshwlwlrq
dqg ri frqvwdqw uhwxuqv wr vfdoh1 Wkh prgho lpsolhv wkdw hqwu| dqg h{lw duh dvvrfldwhg
zlwk whfkqrorjlfdo lqqrydwlrq/ dqg frpshwlwlrq dqg vpdooqhvv ri wkh surgxfw pdunhwv
zkloh xquhodwhg wr lqgxvwu| jurzwk1 Wkh prgho lv whvwhg e| wkh gdwd rq mre fuhdwlrq
e| qhz sodqwv dqg ghvwuxfwlrq e| vkxwgrzq sodqwv1 Wkh uhvxowv ri wkh whvw vxssruw
wkdw whfkqrorjlfdo lqqrydwlrq dqg vpdooqhvv ri wkh surgxfw pdunhw irvwhu exvlqhvv
hqwu| dqg h{lw/ dqg wkdw lqgxvwu| jurzwk lv xquhodwhg wr hqwu|1 Ixuwkhupruh/ L qg
wkdw jurzwk lq djjuhjdwh ohyho udwkhu wkdq vhfwrudo ohyho dffrxqwv iru ryhudoo hqwu|1
Qrqhwkhohvv/ hylghqfh lv djdlqvw rqh ri wkh k|srwkhvhv wkdw wkh surgxfw pdunhw frp0
shwlwlrq irvwhu hqwu| dqg h{lw1 Udwkhu/ zkhq wkh pdunhw lv frpshwlwlyh/ wkhuh lv ohvv
exvlqhvv wxuqryhu1
Wkhuh duh hvvhqwldoo| wzr olplwdwlrqv ri wkh prgho suhvhqwhg khuh1 Rqh lv lwv sduwldo
htxloleulxp qdwxuh gxh wr wkdw wkh prgho idlov wr ghulyh dq lpsolfdwlrq rq hhfwv ri
djjuhjdwh yduldeohv rq hqwu|1 Wkh gdwd vxssruwv wkh srvlwlyh hhfw ri JGS jurzwk rq
hqwu|/ krzhyhu1 Wr ryhufrph wklv olplwdwlrq/ rqh qhhgv wr vwxg| d jhqhudo htxloleulxp
prgho wkdw ihdwxuhv hqwu| dqg h{lw1 Wkh rwkhu olplwdwlrq lv wkh dvvxpswlrq ri sxuh
sulfh frpshwlwlrq1 Wkh frqvhtxhqfhv ri wklv dvvxpswlrq duh wkh shuihfw fruuhodwlrq
ri hqwu| dqg h{lw/ dqg sxuh prqrsro|1 Wkhvh lpsolfdwlrqv fohduo| frqwudglfwv wkh
uhdolw| dqg vxjjhvwv wkdw lw lv qhfhvvdu| wr vwxg| d pruh jhqhudo irup ri frpshwlwlrq
wr lpsuryh wkh whvw ri wkh prgho1
8 Dsshqgl{= Frqvwuxfwlrq ri Yduldeohv
Lq wklv dsshqgl{/ L ghvfuleh krz L frqvwuxfwhg wkh yduldeohv lq wkh uhjuhvvlrqv lq
ghwdlo1 Wr pdnh wkh wudqvlwlrq iurp wkh vrxufh gdwd fohdu/ wkh ohjhqgv dgrswhg lq wkh
vrxufh gdwd duh xvhg khuh1
Wkh wzr0|hdu dyhudjh ri mre fuhdwlrq udwh ri qhz sodqwv +MFQ, dqg ri mre ghvwuxf0

















zkhuh wkh vxshuvfulsw lqglfdwhv lqgxvwu| dw 50gljlw VLF ohyho/ wkh vxevfulsw lqglfdwhv
|hdu/ SRVE lv dqqxdo mre fuhdwlrq udwh ri sodqwv djhv ri wkdw lv ohvv wkdq rqh |hdu/
d q gQ H J Gl vd q q x d om r eg h v w u x f w l r qu d w hr is o d q w vw k d wv k x wg r z qg x u l q jw k h| h d u 1





































zkhuh [WIS4 lv wrwdo idfwru surgxfwlylw| jurzwk edvhg rq 7 idfwruv/ surgxfwlrq
zrunhuv/ qrq0surgxfwlrq zrunhuv/ fdslwdo/ dqg hqhuj|.pdwhuldov/ YVKLS lv groodu
ydoxh ri vklsphqwv/ wkh vxshuvfulsw c vwdqgv iru lqgxvwu|  dw VLF 70gljlw ohyho wkdw
ehorqjv wr lqgxvwu|  dw VLF 50gljlw ohyho1





























zkhuh SD\ lv wrwdo frpshqvdwlrq ri hpsor|phqw/ PDWFRVW lv frvw ri pdwhuldov
lqsxw/ dqg LQYHVW lv qhz fdslwdo vshqglqj1


















zkhuh FSL lv lpsolflw sulfh gh dwru qrupdol}lqj wkh sulfh ohyho lq 4<<5 wr rqh1



















































^4` Dxguhwvfk/ G1E1 dqg D1M1 Dfv/ 4<<7/ Qhz0Ilup Vwduwxsv/ Whfkqrorj|/ dqg
Pdfurhfrqrplf Ioxfwxdwlrqv/ Vpdoo Exvlqhvv Hfrqrplfv 9/ 76<077<1
^5` Eduwhovpdq/ H1M1/ dqg Z1 Jud|/ 4<<9/ Wkh QEHU Pdqxidfwxulqj Surgxfwlylw|
Gdwdedvh/ QEHU Whfkqlfdo Zrunlqj Sdshu 5381
^6` Eodfn/ Mdqh/ Gdylg gh0Ph}d/ dqg Gdylg Mhuh|v/ 4<<9/ Krxvh Sulfh/ wkh Vxsso|
ri Froodwhudo dqg wkh Hqwhusulvh Hfrqrp|/ Hfrqrplf0Mrxuqdo 439+767,/ 4<<9/
930:81
^7` Erhul/Wlwr/ dqg Xoulfk Fudphu1 4<<51 Hpsor|phqw Jurzwk/ Lqfxpehqwv dqg
Hqwudqwv= Hylghqfh iurp Jhupdq|1 Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql0
}dwlrq 43/ qr1 7= 8780981
^8` Fdedoohur/ Ulfdugr M1 dqg Prkdpdg O1 Kdpprxu1 4<<71 Wkh Fohdqvlqj Hhfw
ri Uhfhvvlrqv/ Dphulfdq Hfrqrplf Uhylhz/ ;7+8,/ 46830469;1
^9` Fdedoohur/ Ulfdugr M1 dqg Prkdpdg O1 Kdpprxu1 4<<91 Rq wkh Wlplqj dqg
H!flhqf| ri Fuhdwlyh Ghvwuxfwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444+6,/
;380;851
^:` Fdpsehoo/ Mhuh| U1 4<<;1 Hqwu|/ H{lw/ Hperglhg Whfkqrorj|/ dqg Exvlqhvv
F|fohv/ Uhylhz ri Hfrqrplf G|qdplfv 4/ 6:4073;1
^;` Fdpsehoo/ Mhuh| U1 dqg Mrqdv G1P1 Ilvkhu1 4<<;1 Rujdql}dwlrqdo Ioh{lelolw|
dqg Hpsor|phqw G|qdplfv dw \rxqj dqg Rog Sodqwv/ Xqlyhuvlw| ri Fklfdjr1
^<` Gdylv/ V1M1 dqg M1F1 Kdowlzdqjhu/ 4<<3/ Jurvv mre fuhdwlrq dqg ghvwuxfwlrq=
Plfurhfrqrplf Hylghqfh dqg pdfurhfrqrplf lpsolfdwlrqv/ QEHU Pdfurhfr0
qrplfv Dqqxdo/ 8/ 456049;1
^43` Gdylv/ V1M1/ M1F1 Kdowlzdqjhu/ dqg V1 Vfkxk 4<<9/ Mre Fuhdwlrq dqg Ghvwuxfwlrq/
PLW Suhvv/ Fdpeulgjh1
^44` Gxqqh/ W1/ P1M1 Urehuwv/ dqg O1 Vdpxhovrq/ 4<;</ Sodqw wxuqryhu dqg jurvv
hpsor|phqw  rzv lq wkh X1V1 pdqxidfwxulqj vhfwru/ Mrxuqdo ri Oderu Hfrqrplfv
:/ 7;0:41
^45` Irvwhu/ Oxfld/ Mrkq Kdowlzdqjhu/ dqg F1M1 Nlu}hq/ 4<<;/ Djjuhjdwh Surgxfwlylw|
Jurzwk= Ohvvrq iurp Plfurhfrqrplf Hylghqfh/ QEHU Zrunlqj Sdshu= 9;361
^46` Jkhpdzdw/ S1 4<<4/ Pdunhw Lqfxpehqf| dqg Whfkqrorjlfdo Lqhuwld/ Pdunhwlqj
Vflhqfh 43+5,/ 49404:41
4<^47` Jloehuw/ U1M1 dqg G1P1J Qhzexu|/ Suhhpswlyh Sdwhqwlqj dqg wkh Shuvlvwhqfh
ri Prqrsro|/ Dphulfdq Hfrqrplf Uhylhz/ Mxqh 4<;5/ :5/ 8470591
^48` Kruydwk/ Plfkdho/ 4<<</ Exvlqhvv F|fohv dqg wkh Idloxuh ri Pdujlqdo Ilupv/
Vwdqirug Xqlyhuvlw|1
^49` Mrydqrylf/ Er|dq/ 4<;5/ Vhohfwlrq dqg wkh Hyroxwlrq ri Lqgxvwu|/ Hfrqrphw0
ulfd/ 83+6,/ 97<0:31
^4:` Ndw}/ Odzuhqfh I1/ dqg Odzuhqfh J1 Vxpphuv/ 4<;</p Lqgxvwu| Uhqwv= Hy0
lghqfh dqg Lpsolfdwlrqv1 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| vshf1 lvv1/
53<0:81 Zdvklqjwrq/ G1F1= Eurrnlqjv Lqvwlwxwlrq1
^4;` Nl|rwdnl/ Qrexklur/ dqg Mrkq Prruh/ 4<<:/ Fuhglw F|fohv/ Mrxuqdo ri Srolwlfdo
Hfrqrp| 438+5,/ 54407;1
^4<` Rooh|/ Vwhyhq J1 dqg Dulho Sdnhv/ Wkh G|qdplfv ri Surgxfwlylw| lq Whohfrp0
pxqlfdwlrqv Htxlsphqw Lqgxvwulhv/ Hfrqrphwulfd 97/ 4596<:1
^53` Uhlqjdqxp/ M1 4<;6/ Xqfhuwdlq Lqqrydwlrq dqg wkh Shuvlvwhqfh ri Prqrsro|/
Ehoo Mrxuqdo ri Hfrqrplfv 45/ 94;09571
53